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1. Introduction 
7KH DSSURDFK RIWKLVSD SHU ZDVWRVHDUF K D WUDGHVSDFH RI SK\VLFDO DUFKLWHFWXUHVWK DW FRXOGPHHW WKH V\VWHP
IXQFWLRQDOUHTXLUHPHQWVDQGGHWHUPLQHWKHEHVWILWE\DSURFHVVWKDWFRPELQHGIX]]\ORJLFJHQHWLFDOJRULWKPVDQG
TXDOLW\ IXQFWLRQGH SOR\PHQW  7KDW LVDFFHSWDEOHDOWHUQD WLYH SK\VLFDOFR PSRQHQWV ZHUHHYDOXDWH G IRU WKHEH VW
FRQILJXUDWLRQ WR UHSUHVHQW WKHIXQ FWLRQDO DUFKLWHFWXUH WKDW KDGPHW WKHFXVWRPHU
V VWDWHPHQW RI QHHGV 2QFHWKH 
V\VWHPZDVIRUPHGFKDQJHVLQWKHHQYLURQPHQWZRXOGWULJJHUUHSODFLQJVRPHV\VWHPFRPSRQHQWVWRDFFRPPRGDWH
WKHHQYLURQPHQWDOHIIHFWV7KHHQYLURQPHQWDOIDFWRUVFRXOGEHYLVXDOL]HGDVDQHPERGLPHQWRIFXVWRPHU
VRUXVHUV

FKDQJLQJQHHGV 7KH UHFRQILJXUHG V\VWHPZRXOG UHIOHFWWKHQHZ UHDOLWLHV,Q DGGLWLRQ WKLV V\VWHPZKHWKHU LQ LWV
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LQLWLDO IRUPRUDIWHUDGD SWLQJZRXOGFRQVLVW RIFRPSRQHQWV VXEV\VWHPV VRPHRIZKLFKZHUH FRPSOH[ V\VWHPV
)XUWKHUWKHEHKDYLRURIWKHPDLQV\VWHPZRXOGEHPRGLILHGE\WKHDJJUHJDWHHIIHFWRIWKHYDULRXVVXEV\VWHPV
4XDOLW\ IXQFWLRQ GHSOR\PHQW 4)'ZDVX VHG WR LQFRUSRUDWH WKH FXVWRPHU
V NH\ SHUIRUPDQFH DWWULEXWHV $
PXOWLGLVFLSOLQDU\WHDPUDQNHGWKHFDQGLGDWHSK\VLFDOFRPSRQHQWVZLWKUHVSHFWWRHDFK SHUIRUPDQFHDWWULEXWHXQGHU
FRQVLGHUDWLRQ 7RGR WKLVWKH WHDPDVVLJQHG 
ZHLJKWV
 WKDW UDWHGWKH UHVSHFWLYHFRPSRQHQWVDJDLQVWHDFKDWWULEXWH
FULWHULRQ DFURVV WKH4)'PDWUL[ +RZHYHU UDWKHU WKDQ GHWHUPLQLQJ WKH EHVW FRPSRQHQW IRU D VXEIXQFWLRQ E\
PXOWLSO\LQJHDFKFRPSRQHQW
ZHLJKW
E\DFXVWRPHULPSRUWDQFHIDFWRUIRUWKHUHVSHFWLYHNH\FULWHULDIX]]\ORJLFZDV
XVHG /LQJXLVWLFUXOHVUHSUHVHQWLQJFXVWRPHUSHUFHSWLRQDQGKDYLQJYDULRXVUHODWLYHLPSRUWDQFHOHYHOVDORQJZLWK
GHVLJQWHDPUDQNLQJRIWKHFRPSRQHQWVJRYHUQHGWKHFKRLFHRIWKHEHVWFRPSRQHQWV7KLVDFFRXQWHGIRUWKHQRQ
OLQHDULW\ LQKHUHQW LQ YDOXH MXGJPHQW DQG SURYLGHG DQ DJJUHJDWH FULVS YDOXH WKDW ZDV XVHG LQ JHQHWLF DOJRULWKP
FRPSXWDWLRQVLQVHDUFKIRUWKHSRVVLEOH DUFKLWHFWXUHVLQWKHWUDGHVSDFH,QDGGLWLRQWKHUHODWLYHLPSRUWDQFHRIWKH
UXOHVZHUHLQLWLDOO\DVVLJQHGEDVHGRQFXVWRPHU
VLQSXWVEXWODWHUFKDQJHGDVLPSRVHGE\WKHHQYLURQPHQWDOHIIHFWV
7KHPRVWFRPPRQUHSUHVHQWDWLRQRISUREOHPVXVLQJWKHJHQHWLFDOJRULWKPWHFKQLTXHLVELQDU\FKURPRVRPHV,Q
WKLVDSSURDFKWKHELQDU\UHSUHVHQWDWLRQZDVIRXQGWREHPRVWDSSURSULDWH)X]]\DVVRFLDWLYHPHPRU\)$0ZDV
XVHG DVDIX ]]\ DVVHVVRU WRG HWHUPLQH WKH ILWQHVV RIWKHVR OXWLRQ GXULQJ WKH GLIIHUHQW LWHUDWLRQV RIWK H JHQHWLF
DOJRULWKP*$FRPSXWDWLRQLQVHDUFKIRUDQRSWLPDOVROXWLRQE\DJJUHJDWLQJWKHDPELJXRXVFULWHULD7KHUHO DWLYH
LPSRUWDQFHRIWKHUXOHVZDVGHWHUPLQHGDWUDQGRPWRVLPXODWHFKDQJLQJHQYLURQPHQWDOHIIHFWVDQGWULJJHUDGDSWLYH
EHKDYLRUE\F\FOLQJWKURXJKWKHFRPELQHGSURFHVVHVRI*$DQG)$0)LULQJWKH)$0UXOHVZRXOGSURYLGHIRUWKH
EHVWIURPDPRQJWKHV\VWHPDUFKLWHFWXUHVJHQHUDWHGLQWKHLQLWLDO*$SURFHVV &RQVHTXHQWO\WKHV\VWHPFRXOGEH
PRGLILHGXVLQJWKHUHFRQILJXUHGDUFKLWHFWXUH
$IWHU WKLV LQWURGXFWLRQDOLWHUDWX UH UHYLHZ LVSURYLGHG LQ WKHQH[W VHFWLRQ WRFRYHU VRPHEDFNJURXQGDERXW WKH
XVDJH RITX DOLW\ IXQFWLRQ GHSOR\PHQW LQ V\VWHPV GHVLJQ DQG DUFKLWHFWXUH DQG DERXWWK H DSSOLFDWLRQ RI IX]]\
DVVRFLDWLYHPHPRU\DQGJHQHWLFDOJRULWKPLQWKLVDUHD 7KLV LVIROORZHGE\DVHFWLRQDERXWDFDVHVWXG \WKDWZDV
FRQGXFWHG WRGHPRQVWUDWH WKH SURSRVHG DSSURDFK ,Q DGGLWLRQ FDVHVW XG\JHQHUDOL]DWLRQ LV GHVFULEHG LQ VHFWLRQ
EHIRUHFRQFOXVLRQ
2. Literature Review 
+DXVHU DQG &ODXVLQJ +DXVHU  LQWURGXFHG WKH KRXVH RITX DOLW\ +24 DWRR O RI WKH TXDOLW\ IXQFWLRQ
GHSOR\PHQW 4)' DSSURDFK DQG LWV DSSOLFDWLRQ DQG SURYLGHG HYLGHQFH WR KRZ WKH -DSDQHVHL QGXVWU\ JUHDWO\
EHQHILWWHG IURPX VLQJ LWL QFOXGLQJ 7R\RWD LQ WKH ODWH ¶V %ODQ FKDUG DQG )DEU\FN\ %ODQFKDUG 
UHFRPPHQGHG XVLQJ WKH TXDOLW\ IXQFWLRQ GHSOR\PHQW 4)'P RGHO DVDQ  ³H[FHOOHQW WRRO´ IRUWK H V\VWHPV
HQJLQHHULQJWHDPWRSULRULWL]HWKHWHFKQLFDOSHUIRUPDQFHPHDVXUHV730HQVXUHWKDWWKH³YRLFHRIWKHFXVWRPHU´LV
UHIOHFWHG LQ WKHXOWLPDWHGHVLJQ DQG WUDQVODWH WKHUHTXLUHPHQWV FDWHJRUL]HGDV DWWULEXWHV LQWR WHFKQLFDO VROXWLRQV
*RRG DUFKLWHFWLQJ VKRXOG OHDG WRDQDFFHS WDEOH GHVLJQ WKDWVDWLVILHVWKH  FXVWRPHU DQGDIHDVL EOH VROXWLRQ WKDWWKH 
EXLOGHUZHOFRPHV0DLHU
)X]]\ ORJLF LVZHOOVX LWHG WR DPELJXRXV HQYLURQPHQWV ZKHQ WRS OHYHO V\VWHP DUFKLWHFWXUH DWWULEXWHV DUHLOO
GHILQHG7KHDSSO LFDWLRQRIIX]]\ORJLFFDQDOVRSURYLGHFRQQHFWLYLW\WRWKHORZHUOHYHOVRIGHVLJQ)X ]]\ORJLF
H[WHQGVWKHFODVVLFDOORJLFWRQDWXUDOH[SUHVVLRQDQGWKXVLVZHOOVXLWHGWRGHDOZLWKOLQJXLVWLFYDULDEOHVDQGWRXVLQJ
OLQJXLVWLFUXOHV ,W  LVDSSOLHGWKURXJKWKHIX]]\DVVRFLDWLYHPHPRU\)$0 ,QDVPDUWV\VWHPVDSSURDFK66$
)$0 FDQ EH XVHG WR HYDOXDWH WKH IHDVLELOLW\ RI FRPSOH[ V\VWHP GHVLJQ VROXWLRQV DQG VHOHFW WKH PRVW VXLWDEOH
DUFKLWHFWXUHV'DJOL
(YDOXDWLRQ RI DUFKLWHFWXUHV XVLQJ HYROXWLRQDU\ DOJRULWKPV EHFRPHV PRUH LPSRUWDQW ZKHQ FULWLFDO V\VWHP
GHFLVLRQVQHHGWREHPDGHDQGPDQ\DUFKLWHFWXUHFDQGLGDWHVH[LVW)XUWKHUGHFLVLRQVEHFRPHKDUGGXHWRWKHYHU\
ODUJHQXPEHURILQWHUIDFHSRVVLELOLWLHV+RZHYHUVHDUFKLQJIRUDUFKLWHFWXUHVDVD JHQHWLFDOJRULWKPSUREOHPZLWK
WKHGHVLJQYHFWRU IRUPLQJ WKHFKURPRVRPHVIRUWKHJHQHWLFDOJRULWKPFDQEHX VHG 7KHIL WQHVVRI WKHIXQFWLRQ LV
HYDOXDWHGXVLQJIX]]\DVVRFLDWLYHPHPRU\³IX]]\DVVHVVRU´7 KHPHPEHUVKLSIXQFWLRQVDUHGHWHUPLQHGEDVHGRQ
GHFLVLRQPDNHUSUHIHUHQFHV6LPSVRQ6LQJK
+DULV DQG'DJOL HYDOXDWHG DOWHUQDWLYH DUFKLWHFWXUHV LQ WUDGHRII DQDO\VLV RI LQLWLDO V\VWHP GHVLJQ DQG XVHG WKH
VDPHIRUV\VWHPUHFRQILJXUDWLRQ7RGRWKDWWKH\XVHGDPHWKRGRORJ\WKDWFRPELQHGTXDOLW\IXQFWLRQGHSOR\PHQW
PRGHOLQJDORQJZLWKJHQHWLFDOJRULWKPVDQGIX]]\DVVRFLDWLYHPHPRU\+DULV

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3. Case Study 
$VDPSOHV\VWHPZDVXVHGDVDQH[DPSOH+RZHYHUWKHVDPSOHV\VWHPKDGSURSULHWDU\FRQGLWLRQVDWWDFKHGWRLW
7KHUHIRUHRQO\YDJXHUHIHUHQFHZLOOEHPDGHWRLWVDFWXDODUFKLWHFWXUHLQWKLVSDSHU
7KHV\VWHPDUFKLWHFWXUHFRQVLVWHGRIVHYHUDOVXEIXQFWLRQVWKUHHRIZKLFKFRXOGKDYHDGDSWLYHEHKDYLRU7KHVH
IXQFWLRQV ZHUH FRPPXQLFDWLRQ HIIHFW GHOLYHU\ DQG GHOLYHU\ V\VWHP SURWHFWLRQ  $V VXFK DOWKRXJK DOWHUQDWLYH
V\VWHPVKDGEHHQSURSRVHGIRUDOODUFKLWHFWXUHIXQFWLRQVRQO\V\VWHPVIRUWKHVHWKUHHZHUHFRQVLGHUHGDVSDUWRIWKH
VFRSHRIWKLVSDSHUZKHUHDVWKHRWKHUVZHUHVHOHFWHGLQDGLIIHUHQWPDQQHU7KHRWKHUDUFKLWHFWXUHIXQFWLRQVDQGWKH
VHOHFWLRQRIWKHLUUHVSHFWLYHV\VWHPVDUHQRWGLVFXVVHGLQWKLVSDSHU
:RUNLQJZLWKWKHFXVWRPHUVL[NH\SHUIRUPDQFHDWWULEXWHVZHUHLGHQWLILHG7KHIROORZLQJWDEOHVXPPDUL]HVWKH
ZHLJKWLQJFULWHULDIRUHDFKVXEV\VWHPLQUHODWLRQWRWKHUHOHYDQWNH\DWWULEXWHVDVSURYLGHGE\WKHGHVLJQWHDP7KH
ZHLJKWVZHUH UHVWULFWHG WR WKH YDOXHV    DQG  DV FRQYHQWLRQDOZLWK VRPH4)'DSSURDFKHV 7KH UHVSHFWLYH
YDOXHVFRXOGEHFRQVLGHUHGLQKHUHQWFKDUDFWHULVWLFVRIWKHGLIIHUHQWFRPSRQHQWV

Table I: Weighting Criteria for Architecture 
$/7(51$7,9(6
$775,%87(6
&20081,&$7,21 ())(&7'(/,9(5< 3527(&7,21
$ % & ' ( ) * + , - .
2SHUDELOLW\           
5HOLDELOLW\           
0DLQWDLQDELOLW\           
0DQXIDFWXUDELOLW\           
3RUWDELOLW\           
$IIRUGDELOLW\           

7KHIROORZLQJUXOHVZHUHXVHGWRUHIOHFWWKHFXVWRPHUSHUFHSWLRQRIWKHV\VWHP

 ,IRSHUDELOLW\UHOLDELOLW\PDLQWDLQDELOLW\RUSRUWDELOLW\LVORZSHUIRUPDQFHLVXQDFFHSWDEOH
 ,IPDQXIDFWXUDELOLW\LVORZDQGDIIRUGDELOLW\LVORZWKHQSHUIRUPDQFHLVXQDFFHSWDEOH
 ,IRSHUDELOLW\LVDYHUDJHDQGUHOLDELOLW\LVDYHUDJHWKHQSHUIRUPDQFHLVWROHUDEOH
 ,ISRUWDELOLW\LVDYHUDJHWKHQSHUIRUPDQFHLVWROHUDEOH
 ,ISRUWDELOLW\LVKLJKWKHQSHUIRUPDQFHLVGHVLUDEOH
 ,IRSHUDELOLW\LVKLJKDQGUHOLDELOLW\LVKLJKWKHQSHUIRUPDQFHLVGHVLUDEOH
 ,IPDLQWDLQDELOLW\LVKLJKDQGDIIRUGDELOLW\LVKLJKWKHQSHUIRUPDQFHLVGHVLUDEOH
 ,IRSHUDELOLW\LVKLJKDQGPDLQWDLQDELOLW\DQGPDQXIDFWXUDELOLW\LVKLJKWKHQSHUIRUPDQFHLVGHVLUDEOH

7KHUHODWLYHLPSRUWDQFHRIWKHUXOHVWKURXJKLVDVVKRZQLQWDEOH,,

)RU JHQHWLF DOJRULWKPV DOO DUFKLWHFWXUH FRPSRQHQWV ZHUH UHSUHVHQWHG VLGH E\ VLGH LQ DF KURPRVRPH (DFK 
VXEV\VWHPFRXOGKDYHDGL IIHUHQWQXPEHURIFRPSRQHQWV7KHWRWDOQXP EHURIELWVIRU HDFKVXEV\VWHPHTXDOHGLWV
QXPEHURIFRPSRQHQWV(DFKDOSKDEHWKDGWKHVL]HRIWZRELQDU\QXPEHUV2QO\RQHELWZRXOGWDNHWKHYDOXH³´
ZKLOH WKH RWKHUVZRXOG WDNH ³´  7KH YDOXH  UHSUHVHQWHG WKH FRPSRQHQW XQGHU FRQVLGHUDWLRQ IRU D VXEV\VWHP
)LJXUHLOOXVWUDWHVWKHFKURPRVRPHUHSUHVHQWDWLRQ





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
Figure 1: Chromosome Representation. 
 [M ELQDU\QXPEHUZLWKYDOXHVDQGUHSUHVHQWLQJFRPSRQHQWV
 Q WRWDOQXPEHURIFRPSRQHQWV
 \L LQWHJHUQXPEHUUHSUHVHQWLQJVXEV\VWHPQXPEHUQRWSDUWRIWKHFKURPRVRPH
 P WRWDOQXPEHURIVXEV\VWHPV

$IWHU WKH EHVWDUFK LWHFWXUH KDG EHHQ LGHQWLILHG WKH SURFHVV ZDV UHSHDWHG ZKLOH LQWURGXFLQJ YDULDWLRQ WR WKH
UHODWLYHLPSRUWDQFHRIWKHDERYHPHQWLRQHGUXOHV7KLVZDVGRQHE\JHQHUDWLQJUDQGRPZHLJKWVUDQJLQJIURPRQH
WRQLQH
7KHSURSRVHGDSSURDFKZDVDSSOLHGXVLQJ0DWODE 7KHUXOHVIRUPHGDUXOHEDVHWKDWZDVSUHSDUHGLQDPDWUL[
VWUXFWXUHWRVXLWWKH0$7/$%V\QWD[&RQYHUJHQFHZDVREWDLQHGZKHQXVLQJFKURPRVRPHVIRUSRSXODWLRQDQG
JHQHUDWLRQVDVLOOXVWUDWHGEHORZ

Fitness

Number of Generations 
Figure 2: Example Convergence Curve for Fitness. 

7KH LQLWLDO UXQZ DV UHSHDWDEOH 7K DW LVDO WKRXJK WKHFRQ YHUJHQFH SDWK PLJKW YDU\ WKH PHWKRGRORJ\ UXQ LQ
0DWODEJDYHFRQVLVWHQWDUFKLWHFWXUHUHVXOWV7KHIROORZLQJFRPSRQHQWVZHUHREWDLQHG

 &RPSRQHQW%ZDVVHOHFWHGIRUWKHFRPPXQLFDWLRQV\VWHP
 &RPSRQHQW*ZDVVHOHFWHGIRUWKHHIIHFWGHOLYHU\V\VWHP
 &RPSRQHQW-ZDVVHOHFWHGIRUWKHSURWHFWLRQV\VWHP
Sample System 
*$3RSXODWLRQ
1XPEHURI*HQHUDWLRQV
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
:KHQWKUHHF\FOHVZHUHVLP XODWHGDWUDQGRPWKHUHODWLYHLPSRUWDQFHRIWKHUXOHV RQHWKURXJKHLJKW EHFDPHDV
VKRZQLQWDEOH,,7KHDUFKLWHFWXUHDOVRFKDQJHG

Table II: Rules and Architecture 
 5XOH 5XOH 5XOH 5XOH 5XOH 5XOH 5XOH 5XOH 6\VWHP&RPSRQHQWV
,QLWLDO         % * -
&\FOH         % * ,
&\FOH         % * -
&\FOH         % * -

2WKHUVLPXODWLRQVZHUHSHUIRUPHGZLWKWKHUHVXOWVUHIOHFWLQJWKHQHZUXOHV)RUH[DPSOHGXULQJWKHILUVWF\FOH
WKHILUVWUXOHZHLJKWLQFUHDVHGIURPRQHWRQLQH$VDUHVXOWWKHDUFKLWHFWXUHDGDSWHGWRDFRQILJXUDWLRQWKDWUHSODFHG
WKH FRPSRQHQW µ-¶ZLWKWKHF RPSRQHQW ODEHOHG ³,¶,QDG GLWLRQ WKH ILWQHVV FXUYHVIR U WKHGLIIHUHQW F\FOHVZRXOG
FRQYHUJHLQDZD\VLPLODUWRWKDWVKRZQLQILJXUH
4. Scalability- Approach Generalization 
$ W\SLFDO FRQYHUJHQFH FXUYH IRU UDQGRPO\JHQHUDWHG LQSXWVDQG LQLWLDO GDWD LVVKRZQ LQ ILJXUH 7R  DFKLHYH
FRQYHUJHQFHWKH*$SRSXODWLRQKDGWREHLQFUHDVHWRDQGWKHQXPEHURIJHQHUDWLRQVWR
Fitness

No of Generations 
Figure 3: Typical Convergence Curve for Fitness of Architecture- 
30 Various Functions And One to 20 Component Alternatives. 
$IWHU WKH ILUVWUXQ  RIWK H*$)$0 V\VWHP WKH0DWODE LPSOHPHQWDWLRQ UHFRPPHQGHG  FRPSRQHQWV IRU WKH
LQLWLDODUFKLWHFWXUH7KHDUFKLWHFWXUHFRPSRQHQWVZHUHVHOHFWHGEDVHGRQUXOHVWKDWKDGUHODWLYHLPSRUWDQFHDVVKRZQ
LQ7DEOH ,,, 7KH WDEOH DOVRVKRZV WKH VLPXODWHG UXOH FKDQJHV DQGFRUUHVSRQGLQJDUFKLWHFWXUH DGDSWDWLRQ 7KHVH
General System 
*$3RSXODWLRQ
1XPEHURI*HQHUDWLRQV
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HIIHFWVWRRNSODFHLQILYHF\FOHV)RU H[DPSOHGXULQJWKHILUVWF\FOHWKH VHFRQGUXOHZHLJKWLQFUHDVHGIURPRQHWR
WKUHH$VDUHVXOWWKHDUFKLWHFWXUHDGDSWHGWRDFRQILJXUDWLRQWKDWUHSODFHGWKHFRPSRQHQWVDQG
ZLWKWKHFRPSRQHQWVODEHOHGDQG


Table III: Rules and Architecture 

5XOHV $UFKLWHFWXUH&RPSRQHQWV7KDW+DYH%HHQ$IIHFWHG
        5HPRYHG $GGHG
,QLWLDO                      
&\FOH                      
&\FOH                      
&\FOH                      
&\FOH                      
&\FOH                      

5. Conclusions 
$ FRPELQDWLRQ RI TXDOLW\ IXQFWLRQ GHSOR\PHQW IX]]\ ORJLF DQG JHQHWLF DOJRULWKPV ZHUHXVHGWR  VHOHFWWK H
DUFKLWHFWXUH FRPSRQHQWV 7KH VHOHFWHG DUFKLWHFWXUHV XVLQJ WKLV DSSURDFK UHSUHVHQW WUDGHRIIV RI WKH FXVWRPHU
DWWULEXWHV 7 KH LQLWLDODUFKLW HFWXUH LV QRWD Q RSWLPDO VROXWLRQ EXW UDWKHU DFRPSURPLVH DPRQJ WKH GLIIHUHQW NH\
SHUIRUPDQFHDWWULEXWHVWKDWEHVWUHIOHFWVWKHFXVWRPHU¶VYDOXHMXGJPHQW7KHQVLPXODWHGFKDQJHVLQIX]]\DVVHVVRU
UXOHVLPSOLHGHIIHFWVRIWKHHQYLURQPHQWRQFXVWRPHUSULRULWLHVDQGUHVXOWHGLQFKDQJHVLQWKHV\VWHPDUFKLWHFWXUH
,QDGGLWLRQ WKHJHQHUDOL]HGFDVHSURYLGHGPRUH LQVLJKWDERXW WKH LPSRUWDQFHRI*$EDVHGVHDUFK WRSURYLGHD
VROXWLRQDVWKHQXPEHURIDUFKLWHFWXUHVEHFDPHTXLWHKLJK
)XWXUHUHVHDUFKZLOOH[SDQGRQWKLVZRUNWRILQGDOWHUQDWLYHDSSURDFKHVWKDWUHIOHFWHQYLURQPHQWDOHIIHFWVVXFKDV
FKDQJHV LQW KH UXOHVWKHP VHOYHV UDWKHU WKDQ LQWKHLU UHODWLYH LPSRUWDQFH  ,Q DGGLWLRQ RWKHU VLPXODWLRQPHWKRGV
VKRXOGEHFRQVLGHUHGDQGWHVWHGWRVHHLIWKH\FRXOGEHWWHUPRGHOWKHHQYLURQPHQWDOFKDQJHV
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